Fully oriented conjugated chains are obtained by formation of covalent bonds between the diacetylene monomer molecules. The polymerization process thus leads to macroscopic polymer single crystals presenting highly anisotropic properties and which can be modelised as quasi one-dimensional solids. A typical example is the well-known bis(p-toluenesulfonate) of 2,4-hexadiyne-l,6-diol (abbreviated name TS-6) for which the side-groups R and R' are identical, with R : -CHZ-0-SOZ-0 -CH3. A large amount of experimental data are available for this diacetylene and for the corresponding polymer. In particular, the crystal structure of the monomer [1] and of the polymer [2] is known. Both crystals are monoclinic, of space group P2 1 / and the polymeric chains grow along the b crystal axis. It can be stressed that the main relative difference ( '" 5 %) between unit cell parameters of the monomer and of the polymer is observed along the chain direction : at room temperature, bmonomer = 5.178 À and bpolymer = 4.910 Â, the relative differences along a and c axis being less than one percent. Elastic properties of TS-6 during polymerization are also known. The stiffness components were determined from sound velocity measurements [3] : the longitudinal stiffness (along the chain direction) increases by a factor 6.5 during polymerization whereas the shear components are only weakly affected by the polymerization. The present work mainly concerns the polymerization of TS-6 in a geometry specific to our own experimental method : the polymerization, induced by low energy electron irradiation, is limited to a certain thickness of the monomer crystal. A polymer film is thus obtained on its monomer substrate and must accomodate both the unit cell parameters discrepancies and the elastic properties modifications.
In this paper, we wish to describe first the experimental conditions of formation of quasiperiodic arrays of cracks over the whole film surface. A critical film thickness Rc exists and films thicker than Rc are cracked while thinner ones are not. A model in the framework of linear elasticity theory is presented in the second part which accounts for most of the experimental results, in particular for the transition « uncracked-cracked » as a function of the film thickness.
1. Expérimental part.
1.1 EXPERIMENTAL METHOD. -Single crystal thin films of poly-TS-6 are obtained using monoenergetic electron irradiation as the polymerizing agent [4] . When the polymeric chains grow parallel to the irradiated surface, which is the case of TS-6 cleaved along the b . c plane, the polymer film thickness is given by the range of penetration of the électrons in the sample and thus related to the incident electron energy [5] . Electron energy is chosen between 0.5 and 5 keV, typical current densities are kept in the range 1-100 nA/cm2. The polymerization carried at room temperature is monitored by the optical transmission of the crystal (analyzing wavelength corresponding to the maximum absorption of long chains).
Doses needed for complete polymerization of the film are in the order of 1 C/cm3. It must be noted that these doses are a hundred times less than the typical doses for which radiation damage is observed on poly-TS-6 crystals [6] . The same experimental method can be applied to film preparation of other polydiacetylenes. Some of them are even more reactive to electron polymerization than TS-6, so that the polymerization dose is three orders of magnitude less than the radiation damage threshold. Thus the formation of periodic crack structures observed in polydiacetylene thin films under certain experimental conditions as described and studied below must not be interpreted as a radiation damage effect.
By Cracks thus appear long before the polymerization is achieved (polymer content less than 10 %) when the sample is microscopically heterogeneous since it consists mainly in the monomer matrix containing short polymer chains [7] in low concentration. Then the cracks formation does not require (from an energetic point of view) the breaking of many covalent bonds.
We have now prepared thick films (R &#x3E; 3 000 À ) with no surface alteration. Polymerization must then necessarily be achieved in at least two steps. The first one is the polymerization of a partial thickness R, using electrons of incident energy low enough to be sure that no crack formation occurs (R! s 1 500 Á, Ei s 2 keV). The final polymerization conditions can then be chosen in function of the final wanted film thickness, determined by the highest electron energy used. Figure 1 shows the polymerization kinetics of 4 400 A thick films. A one step polymerization (A) with 4.5 keV electrons leads to a cracked sample whereas a two-steps polymerization (B) gives a film with a very good surface quality (photo 4). (R -1500 Â). However, this epitactic state becomes unstable for large R because the preferred unit cell size parallel to the surface is bo in the « substrate » M and b, «--bo in the film. We assume for simplicity that this discrepancy occurs only in one direction x, the direction x being the b axis of the crystal for which, as mentioned above, the main discrepancy between unit cell parameters is observed. Then it can occur that the state of minimum energy is constituted by a periodic array of macroscopic, straight cracks perpendicular to x (Fig. 2b) . This is the effect we wish to study below. It is worth recalling the case of epitactic layers of, say, a metal chemisorbed by another metal. In that case the natural misfit is compensated by « misfit dislocations » (Fig. 3a) which allow the density to be different at the external surface and in the substrate. This model is hardly applicable here since diffusion of such large molecules is presumably negligible, so that the total mass of an atomic layer parallel to the surface is independent of its depth. The presence of misfit dislocation would therefore imply a global shrinkage of the layer (Fig. 3b) . A detailed comparison of the free energy of figure 2b and figure 3b will not be presented, but several mechanisms can make the structure of figure 3b unfavourable. (Fig. 4a) are the range fbo of the strain and the maximum angular distortion 0. At a distance larger than Qbo from the crack, the strain is assumed to vanish. In the strained region the strain parallel to the surface is assumed to depend only on the height, and to be a linear function of the height (Fig. 4a) . (Fig. 2b) is equal to n times the energy of a single crack (approximately given by (10)) plus a correction. This correction is the interaction between cracks, which is calculated in the appendix and shown to be repulsive. This can be seen also by the following simple argument. Consider a pair of cracks (Fig. 4b) a) that the system has a symmetry plane (whose cross-section is the dash-dotted line) ; b) that the strain perpendicular to the surface is negligible. This is correct in the polymerization experiments described in part 1. In that case one can replace one half of the system (for instance that on the right hand side of the symmetry plane) by a system without crack. The result is a system with one crack with a free energy EÓ (Fig. 4a) . Now, this system is certainly not in its lowest energy state. Therefore the lowest energy of a single crack is Eo EÓ and the interaction energy is 2 Eo -2 Eo &#x3E; 0. Now, it is difficult to explain the formation of a periodic array of cracks if the interactions are repulsive as will be argued now. The first crack will form at a place where polymerization turns out to be stronger. The next cracks will form, under the effect of increasing polymerization, very far from the first one (since the interaction certainly vanishes with distance) and again their location is determined by fluctuations of the degree of polymerization, and presumably random. One thus reaches a state where the sequence of cracks has essentially random distances Ll, L2, L3, ..., Ln, ... Then the repulsive interaction will dominate fluctuations and the next crack will appear halfway between both cracks whose distance is the longest. One may expect this process to continue until complete polymerization. Then the distance between cracks will be close to the value which minimizes the free energy, but important fluctuations are unavoidable since crack formation is initially a random process. In fact, each interval Ln will divide into 2p' interval, where pn is the integer which minimizes the free energy density ¡(À), defined as a function of the distance À between cracks. Thus These relations generally determine Pn unambiguously when f and the function f(f) are known. The structure will be rather irregular. The observed structures are not perfectly regular and therefore not inconsistent with this scheme.
However, the whole array of cracks appears very abruptly at a polymer content of 10 % and this seems inconsistent with the above description. On the other hand, this feature might easily be understood if there were an interaction U between 2 consecutive cracks of the type displayed in figure 5 (full line). Indeed the first crack appears as before when the polymerization is sufficiently developed for the crack free energy Eo to be zero. But then, 2 cracks will at once appear at distance fo since the corresponding energy is is negative. These 2 cracks will generate 2 new cracks and the chain reaction produces very [7] . The oligomer formed is a stable molecule [9] . Plausible chain termination reactions can be written but none has been experimentally demonstrated up to now. When the first crack appears, strain is relaxed and the lattice parameter in the direction of the crack is reduced in the vicinity of the crack. The chain initiation (dimer formation) and termination processes are not much dependent upon crystal strain but the chain propagation rate is greatly enhanced when strain is relaxed. This was shown by y-rayes polymerization studies [11] and since y-rays act through Compton secondary electrons, the polymerization process induced by low energy electrons is not expected to be very different.
Polymerization thus speeds up producing a further increase of (bo -hl) in the vicinity of the crack, so that condition (11) becomes satisfied and new cracks form on both sides of the first one. A chain reaction similar to that described at the end of the previous section produces the appearance of the whole crack array in a short time. Neglecting any spatial fluctuation of the polymer concentration, the location of each crack depends only on the previous one, so the structure is periodic. However, some random fluctuations should be present.
While crack formation facilitates polymerization, increasing polymerization hinders crack formation. And indeed we have shown in part 1 that, if polymerization is first induced in a layer thinner than Rc and later in a thicker layer, cracks do not occur. We attribute this effect to the fact that a completely polymerized crystal can no longer be cracked since this would require breaking covalent bonds. The relation with the previous algebra is that C becomes very large with a high polymerization. Indeed we have mentioned above that the longitudinal stiffness increases by a factor 6.5 upon polymerization. For a weak degree of polymerization, there are few polymer chains and they are fairly short. Presumably, they are not broken by cracks, which obliges the crack edge to be irregular to accommodate the local length of the polymer. Thus, C is rather small at the beginning of the polymerization process, and this makes cracking possible. To summarize, polymerization has two opposite effects : it increases (bo -bl ), and this favours cracking, but it also increases C, and this makes cracking impossible. Thus, detailed predictions are certainly difficult.
The mismatch (bo -bl) between the monomer and the polymer lattices is indeed a relevant parameter. We have a few preliminary results on another diacetylene IPUDO (for which the lateral group R is -(CHz)4-OCONHCH (CH3)z) of a different crystal structure [15] . The direction of greatest mismatch upon polymerization in unit cell parameters is the c axis of the crystal which is perpendicular to the chain direction. In IPUDO films prepared with our method, cracks appear perpendicular to the c direction and parallel to the polymer chains. Though the longitudinal stiffness along the chain direction surely increases ùpon polymerization, it seems impossible up to now to prevent the film from cracking, except parallel to the chain direction.
(bo -bl ) depends on the degree of polymerization and also on temperature. The variation of the unit cell parameters with temperature is known for TS-6 [12] [13] [14] : bo -bl decreases with temperature. It can then be checked whether Rc as predicted by equation (11) Because of the interaction between polymerization and crack formation, it is also difficult to predict the period À (Fig. 2b) . A plausible guess is that À is of the order of magnitude of the interaction range 2 f of cracks, given by (9) It is interesting to note that this length is proportional to h and does not depend on (bo -bl) nor C. A and K are presumably more weakly dependent on the polymer concentration.
From our first experimental observations the prediction seems quite correct but an analysis of the inter-cracks distances distribution (mean value À, dispersion) is required to bring some more quantitative information.
Conclusion.
The formation of approximately periodic arrays of cracks is a novel phenomenon since, in contrast with other defect ordering phenomena in irradiated materials [16, 17] (Fig. 6) (Fig. 2b) [18] which has also not the same form as the f-dependent term in (4 
